Objective: This study aimed to describe food and nutrient intake for low-income, urban African American children and adolescents, to highlight the need for further nutrition intervention programs and appropriate tools to address overweight and obesity.
INTRODUCTION
The prevalence of overweight and obesity among children and adolescents in the United States has increased substantially over the past three decades. Currently, childhood obesity affects 17% of children and adolescents aged 2-19 years, the highest rate reported in US history [1, 2] . Considerable racial disparities persist among African American and Caucasian children and adolescents, with nearly 39% of African Americans 6-19 years of age overweight and more than 20% obese, compared to 33% and 17%, respectively, of Caucasians in the same age group [1, 3] . According to a study by Wang et al. [4] African American adolescents of low socioeconomic status in four Chicago public schools had rates of overweight above 40%. Subsequently, African American and minority children and youth, particularly those in low-income neighborhoods, are at a higher risk than Caucasian children and youth for diet-related chronic diseases, such as metabolic syndrome and type 2 diabetes [5] [6] [7] [8] . For the first time in recent history, it was predicted that U.S. life expectancy may decline as a result of the increasing prevalence of childhood overweight [6] .
Concurrent with the increased prevalence of overweight and obesity, American children have inadequate dietary practices, including increased consumption of energy-dense nutrient-poor foods, larger portion sizes [9] [10] [11] [12] , and more meals and snacks prepared away from home as compared to children in China, Russia, and the Philippines [13] . Soft drink consumption is also increasing among American youth, while intakes of fruits, vegetables, and whole grains are below national recommendations [14] [15] [16] . Soda was identified as the top contributor to sugar intake among lowincome African American youth in Chicago, and an estimated 55% of the study population was consuming both fried foods and soft drinks 2 times/day [17] .
Trends seen in poor diet quality are negatively associated with socioeconomic status [18] . In Baltimore City, previous findings have shown that, predominantly African American and lower income neighborhoods have lower accessibility to different types of food stores (e.g., supermarkets, convenience stores, and restaurants) and healthy food in comparison to Caucasian and higher income neighborhoods [19] . An unbalanced diet, meaning a low intake of dairy products, fruits, and vegetables, and a high intake of processed food products, [18] among low-income urban African American households, is reflected by inadequate intake of fiber, vitamins A and C, and calcium, and an excessive amount of saturated and trans fat, added sugar, and sodium [18, 20] . Among low-income urban African American youth in Baltimore City, chips, candy, and soda have been reported to be the most commonly purchased foods [21] ; these foods are more energy-dense and convenient to access compared to fruits and vegetables, which may be more expensive and take more time to prepare [22] . Results from the 1994-1996 Continuing Survey of Food Intakes by Individuals suggest that low-income American children, in particular, are not consuming a balanced diet [23] . This suggests that African American children and youth, living in lower income neighborhoods, may be especially vulnerable to diets of poor quality and with nutrient inadequacies as a result of these dietary trends and socioeconomic disparities.
Baltimore City, Maryland has a population of approximately 637,000 people, with more than 31% under 18 years of age [26] . Of participants reporting only one racial background, nearly 33% of Baltimore City residents were Caucasian and almost 64% were African American [26] . Median household income in Baltimore City was below the national average by more than 27% in 2007. Approximately 20% of the population lives below the poverty level, compared to the national average of 13%. Among Baltimore City youth, 18.0% have body mass index (BMI) greater than the 95th percentile compared to 12.5% for all Maryland youth according to the 2005 Youth Risk Behavioral Surveillance System [27] . Baltimore African American youth experience a higher rate of obesity (18.0%) than youth of any other ethnic group in the city or state.
Childhood overweight and obesity can be prevented through improved diet quality, thus warranting intervention programs aimed at increasing access to healthy foods and improving food choices [28, 29] . The aims of the present study were to (1) describe food and nutrient intake; (2) compare nutrient intake with Dietary Reference Intakes (DRIs); and (3) identify frequently consumed food items to be included for a nutritional intervention program among urban African American boys and girls aged 5-16 years in Baltimore City, Maryland.
MATERIALS AND METHODS

Settings and Subjects
The study was conducted in low-income neighborhoods of Baltimore City, Maryland. Participants were recruited from various locales within Baltimore City, including recreation centers, human services centers, supermarkets, clinics, local food markets, churches, and organizations, in order to acquire a convenience sample that represented diverse community members with respect to gender and age. Children and adolescents aged 5-16 years were invited to participate in an interviewer-administered 24-hour dietary recall. Participants had to have lived in East or West Baltimore communities within one and a half miles of a Baltimore City recreation center. Only one child per household was eligible to enroll.
Sources of Data
Twenty-Four Hour Dietary Recalls
Dietary recall data were collected from 84 study participants ranging from 5-16 years of age (1 recall per participant) following a standard manual of procedures. Primary caregivers were considered as participants for young children (<8 years). Data collectors were trained for 3 days in the collection of 24hour dietary recalls by the last author. The data collectors administered face-to-face 24-hour recalls and systematically sought and recorded information about foods and drinks consumed during the preceding 24-hour period. Portion sizes were estimated using standard units (e.g., slice of bread), familiar household utensils (e.g., glass, tablespoon), commercial packages of store-bought foods, such as snack chips and chocolate bars, and three-dimensional food models (NASCO, Fort Atkinson, WI) selected to represent commonly consumed food items. An additional list of questions was generated to prompt for easily forgotten foods such as sweets and snacks. Questions on special dietary practices (e.g., weight loss diet), food allergies, medical conditions, and supplement use were also included. All data were examined for completeness, and if any data were incomplete, the interviewer was asked to re-contact the respondent to acquire additional information.
Dietary Assessment in African American Children
Portion Weight Estimation
All foods reported in the 24-hour dietary recalls were weighed to determine weights, in grams, for food portions estimated using household utensils, commercial food packages, food models, or standard units. All food weights were obtained by trained data collectors using an electronic kitchen scale (Aquatronic Baker's Dream Scale 2005, Salter Houseware, Ltd., Tonbridge, Kent, UK). Average gram weights, for all the foods reported, were calculated from up to 10 measurements for each food item.
Identification of Frequently Consumed Food Items and Development of a Draft Youth Food Frequency Questionnaire
The frequency of foods reported in the 24-hour dietary recalls was tabulated. Any food or drink item that was consumed by two or more respondents was included in a draft youth food frequency questionnaire (YFFQ), with the exception of foods very low in energy and nutrients such as condiments and spices. With assistance from local community members and youth leaders, the ordering of the food list and the selection of food models to assess portion sizes were carefully considered for each food item. Focus group discussions revealed that ready-prepared foods are commonly consumed for most meals and snacks; therefore, food packages such as Styrofoam food containers from local corner stores and carryout restaurants were obtained to aid participants in estimating portion sizes consumed. To ensure no foods had been omitted, blank lines were added to the draft YFFQ for interviewers to record any additional foods reported.
The draft YFFQ was pilot-tested in a convenience sample of Baltimore children and adolescents representing both genders and a distribution of ages between 5 and 16 years. Interviewers were trained for 5 days on how to administer the instrument, and a manual of procedures was developed and used. To ensure standardization of the data collection, each interviewer practiced using multiple draft YFFQs under the supervision of the last author.
Analysis of Dietary Intake
Dietary recall data were entered into and analyzed using NutriBase Clinical Nutrition Manager v. 7.17 software (CyberSoft Inc., Phoenix, AZ). USDA food composition tables were used for dietary analyses. All other analyses were performed using SAS statistical software v. 9.1 (SAS Institute Inc., Cary, NC).
Mean daily energy and nutrient intakes were calculated for each individual based on the single 24-hour dietary recall. Mean nutrient intakes for each participant were compared to the DRIs according to the gender-age groups. The percentage of participants reporting intakes below the DRIs was calculated for specific nutrients and was stratified by gender and age. Nutrient intakes were also evaluated against the Acceptable Macronutrient Distribution Ranges (AMDR) [30] . In addition, the most frequently reported foods were tabulated, and the top 10 foods contributing to energy and macronutrient intakes were determined.
RESULTS
A total of 84 participants were recruited for the study. Three participants were excluded from analysis due to extreme energy intake (above or below mean intake § 2 SDs), creating a final sample size of 81 African American participants (40 boys and 41 girls). Of the total sample population, 30% were 5-8 years of age; 35% were 9-13 years of age; and 36% were 14-16 years of age. About 76.5% of participants reported dietary intake during the weekdays (Monday and Thursday each by 17.3%, Tuesday by 12.3%, Wednesday by 16.0%, and Friday by 13.6%) and 23.4% during the weekend (Saturday by 11.1% and Sunday by 12.3%).
Frequency of Consumption
The frequency of consumption of each food item reported in the 24-hour dietary recalls was tabulated for participants in each age group (Table 1) . More than 60% of 14-to 16-yearold participants reported consuming chips, sweetened juices, and sodas (66%, 62%, and 62%, respectively). Sweetened drinks, chips, and milk were reported with the highest frequency for both the younger age groups. Sweetened drinks were reported by 71% of children in the 5-8 and 9-13 years age groups. Among children in the 5-8 years age group, milk was reported by 92% of respondents, compared to the older age groups, for whom milk was reported by 64% of 9-to 13year-olds and 48% of 14-to 16-year-old respondents. Candy was also among the top foods most frequently reported across all age groups, ranging from 50% to 64% of respondents in each age group.
Nutrient Intake
Nutrient intakes were examined and compared to the gender-age appropriate DRIs (Tables 2 and 3 ). Compared with the Estimated Energy Requirements (EER), mean daily energy intakes across all gender-age groups exceeded the recommended energy intake by 10% to 71%. The mean daily energy intake was 2304 kcal for children aged 5-8 years, which exceeded the EER range of 1400-1600 kcal per day. Similarly, for children aged 9-13 years, the EER of 1800-2200 kcal per day for boys was exceeded with a mean daily intake of 2429 kcal and the EER of 1600-2000 kcal per day for girls was exceeded with a mean daily intake of 2,732 kcal. Finally, for adolescents aged 14-Dietary Assessment in African American Children 16 years, the EERs of 2400-2800 kcal per day for boys and 2000 kcal per day for girls were exceeded with a mean daily intake of 3339 kcal and 2846 kcal, respectively. Mean daily sugar intake was 160 grams for 5-to 8-yearold children; 160 grams and 219 grams for boys age 9-13 and 14-16 years, respectively; and 136 grams and 202 grams for girls age 9-13 and 14-16 years, respectively (Tables 3 and 4 ). Mean daily sugar consumption was above the recommended amount for all gender and age groups except for girls aged 9-13 years. For boys and girls of all age groups combined, sugar accounted for 45% and 47%, respectively, of mean carbohydrate intake (data not shown). Percentage contribution to energy from protein, carbohydrates, and fat were within the AMDR for both boys and girls, with the exception of girls in the 9-13 years age group, whose energy from fat was above the AMDR by 3%. Across all the age groups, girls consumed more energy from fat than boys, whereas boys consumed more energy from carbohydrates. The proportions of energy from protein and carbohydrates showed a reciprocal relationship; as boys aged, the percentages of calories from protein decreased and the percentage from carbohydrates increased. Girls in the 9-13 years age group had the highest proportion of energy from protein and the lowest from carbohydrates, while the opposite trend was observed among girls in the 14-16 years age group. Both sexes in the 9-13 years age group had the highest percentage of energy from fat.
The majority of participants did not meet the DRIs for dietary fiber and vitamin E across all gender-age groups. Nutrient intakes for all boys in the 9-13 years age group were below the recommendations for dietary fiber, vitamin E, and magnesium, while intakes for all girls in the 14-16 years age group were below recommendations for vitamin E. In addition, most boys and girls 9-16 years of age consumed vitamins A and D, calcium, and magnesium below the recommended levels. By comparison, 77% and 62% of children aged 5-8 years met the DRIs for calcium and vitamin D, respectively. The average intakes of iron, thiamin, riboflavin, niacin, and vitamins B-6, B-12, and C met the DRIs. Girls across all age groups and boys in the 5-8 years age group met the recommendations for a mean intake of zinc. Overall, children in the 5-8 years age group met the recommended intakes of many nutrients, such as vitamins A, C, D, B-6 and B-12, folate, thiamin, riboflavin, niacin, calcium, magnesium, iron, and zinc compared to older children and adolescents. Table 4 shows the top 10 dietary sources of energy and selected nutrients by age group. Among children 5-8 years of age, milk was the primary contributor to energy, fat, and sugar, accounting for 14%, 17%, and 20% of the intakes, respectively. By contrast, the top contributer of energy and fat was chips among 9-to 13-year-olds, and pizza among 14-to 16-yearolds. Pizza and chips were among the top three sources of energy and fat across all age groups. Sweetened drinks, sweetened juices, and sodas were the top three sources of sugar among the older age groups, contributing a combined 41% for 9-to 13-year-olds and 45% for 14-to 16-year-olds. Sweetened drinks alone accounted for 22% of total carbohydrate consumption among children aged 5-8 years (data not shown).
Food Sources of Energy and Selected Nutrients
Development of the YFFQ
All foods that were reported in the 24-hour dietary recalls, by two or more respondents, were included on the YFFQ. Foods that would be promoted as part of the nutritional intervention were also added so that any changes in pre-and postintervention consumption could be assessed. For example, baked chips were included on the YFFQ as a lower fat alternative to fried chips.
The YFFQ instrument contained 112 food and beverage items: 4 cereals, 5 dairy products, 17 sandwich and bread Table 1 . Most Frequently Reported Foods among Children and Adolescents in Baltimore City 5-8 years a n D 24 9-13 years a n D 28 14-16 years a n D 29 items, 8 other foods including added sugars and fats, 20 main course dishes, 31 vegetables and fruits, 14 desserts and sweets, 4 salty snacks, and 9 drinks; a list of 10 additional foods was generated (Appendix 1). With assistance from community consultants and in accordance with the 24-hour recall data, standard units, household utensils, and three-dimensional food models were assigned to individual line items to assess portion size. Forty food items had portion size assessed using standard units such as a slice of bread; 21 food items were assessed using familiar household units such as a glass of milk; and 61 food items were assessed using food models appropriate for each item listed. Frequency of consumption was assessed using six categories ranked from "never" to "two or more times per day."
DISCUSSION
This study examined dietary patterns among urban African American children and adolescents aged 5-16 years in Baltimore City, Maryland, and compared nutrient intakes with the DRIs. We also designed the YFFQ for this specific population by identifying most commonly consumed and culturally appropriate foods. There is an increasing need for appropriate intervention aimed at preventing or treating diet-related conditions as well as recognition of the impact of culture on lifestyle. Therefore, developing a culturally appropriate YFFQ is necessary.
Mean daily energy intake exceeded the EER across all gender-age groups. Our findings, by comparison, are similar to the Dietary Assessment in African American Children Table 3 . Dietary Assessment in African American Children Another study also used 24-hour dietary recalls in a multi-ethnic sample of American children, including 554 third-, fifth-, and eighth-grade African American youth, and likewise reported energy intakes above the recommended levels [31] .
Higher energy intakes among respondents may also be associated with increased intake of energy-dense, nutrient-poor foods (e.g., pizza and sweetened drinks) among African American children and adolescents [9] . Foods high in fat and sugar (e.g., pizza, chips, and sweetened drinks) were among the top contributors to energy, fat, and sugar intake across all gender-age groups. Furthermore, pizza and soda have been targeted as key foods contributing to increased energy intakes among children and adolescents over the past three decades; African American adolescents may be particularly susceptible to this trend [9, 10] . Several studies among U.S. children have identified increased energy intakes concurrent with increased consumption of sweetened beverages and high-fat foods, further increasing risk of overweight, obesity and related chronic disease [32, 33] .
Lack of access to healthy foods may contribute to the health inequities observed among African Americans in the U.S. Franco et al. described racial and economic disparities in access to healthy foods in Baltimore City [19] . A total of 43% of predominantly African American neighborhoods and 46% of lower income neighborhoods were in the lowest tertile of healthy food availability, compared to predominantly higher income neighborhoods where only 13% of individuals were represented in the lower tertile of healthy food accessibility [19] . Residents in disadvantaged neighborhoods have greater exposure to fast food outlets and convenience stores [34] and tend to consume more nutrient-poor foods, resulting in increased risk for potential adverse health outcomes [35, 36] . Aggarwal et al. reported an association between high food cost and increasing consumption of dietary fiber, vitamins, and minerals [37] . This previous finding supports our results; the average intakes of dietary fiber, vitamins A, D, and E, calcium, magnesium, and potassium were below recommendations among both boys and girls in the 9-16 years age group. A seemingly better diet quality among younger children (5-8 years age group) may be attributed to parents having more control over their diet compared to older children or adolescents [38, 39] . Partnering with local food stores to increase access to healthy foods may serve as a powerful tool in reducing systematic local barriers that are shown to exist by race, ethnicity, and income [40] . Modifying the food environment to promote nutrient-rich foods may be an effective public health initiative to improve food choices and consumption for a community-based intervention program.
Age and healthy diets have a positive association among adults [41] , presumably due to increasing health concerns [42] . Contrarily, among younger populations, a negative association was reported previously, as children tend to have higher dietary scores [38] and a greater consumption of vegetables and fruits [43] compared to adolescents. Consumption of soda and sweetened beverages may be associated with low intakes of calcium and vitamins A and D observed among children and adolescents 9-16 years of age. Lytle et al. identified an inverse relationship between consumption of soda and sweetened beverages and consumption of milk among American youth [31] . Similarly, our study showed a step-wise decrease in milk consumption with age coupled with a comparatively high consumption of sweetened beverages. Additionally, this study found greater frequency of consumption of cereal, chicken dishes, and vegetables in the 5-8 years age group compared to older age groups. These dietary data are of significant interest as numerous studies have found that diet quality among U.S. youth declines as they age, and similarly, that rates of childhood overweight and obesity escalate with increasing age [29, 31, 41] . However, the lack of age and culturally appropriate dietary assessment methods limits the nutritional epidemiology studies undertaken and the subsequent number and quality of nutritional intervention programs [45] . As such, a populationspecific dietary assessment instrument is necessary to describe food and nutrient intake among African American children and adolescents in Baltimore City.
Gender differences in dietary patterns were observed in the older age groups (9-16 years age groups), including that the average intakes of added sugar, folate, and zinc among girls met the recommendations, whereas those of boys did not. However, girls in these age groups had lower mean intakes for vitamins C and E, suggesting that low-income girls may have limited fruit consumption as reported by Pitel et al. [39] . Although in general, girls tend to follow a healthier diet than boys regardless of age [38] , gender-specific dietary behaviors may be different between low-income boys and girls [39] .
The FFQ has been used to assess dietary quality and determine consumption patterns in youth in several well-known surveys and studies [46] [47] [48] . Another study also used a FFQ to assess dietary intake in children based on the Willett FFQ [49] [50] [51] . The development of a culturally and youth-specific FFQ requires three major components for comprehensive dietary assessment: a complete food list, food grouping that reflects the dietary habits and cultural practices of the target population, and frequency of consumption categories [52, 53] . The foods selected must be commonly consumed by a substantial segment of the population and contain significant amounts of nutrients of interest [52, 54, 55] . Single 24-hour dietary recalls were used in this study to generate the initial list. However, some food grouping is necessary to reduce participant burden and should follow a logical order that is clear to the study population [52] [53] [54] [55] . For the present study, the dietary recall data as well as the focus group discussions were used to inform the grouping and ordering of the foods and to determine appropriate food models for the population.
The 24-hour recall data characterized current food and nutrient intake and highlighted specific foods to be targeted for future nutrition intervention programs aimed at reducing obesity. Many of the most frequently consumed foods (e.g., sweetened drinks, chips, and candies) can be replaced with lower sugar, lower fat and often more nutrient-dense alternatives. For example, intervention strategies to reduce sugar and fat intake might include promoting baked chips or low-sodium pretzels in place of fried chips, choosing reduced fat or low-fat milk instead of whole milk, and substituting sweetened juices and drinks with unsweetened juices, sugar-free beverages, and water. While these are simple solutions to reduce fat and sugar intake, efforts to increase consumption of nutrient-rich foods such as fruit, vegetables, whole grains, low-fat dairy products, and lean proteins will require further public health research as well as age and culturally appropriate nutrition intervention.
A comprehensive dietary assessment tool is essential for impact evaluation of a nutritional intervention program. FFQs have been used previously to evaluate interventions and to assess dietary intake for other study populations [56] [57] [58] [59] [60] . The YFFQ developed in the present study was interviewer-administered, which reduces respondent burden and has been shown to be more feasible than multiple dietary recalls in studies among African American communities [61] . Once validated, this tool may be effectively used to evaluate future nutrition interventions targeted for urban African American youth. The same methodology has been used to evaluate the impact of nutritional intervention strategies in African American and other multi-ethnic populations [57, 58, 60] .
This study is not without limitations. A convenience sample was recruited and the sample size was relatively small. The nutrient intakes were estimated using single recalls. However, the administration of multiple recalls may have significantly increased respondent burden and therefore decreased study participation of low-income African American children and adolescents in Baltimore City.
CONCLUSION
This study demonstrates dietary patterns that may have contributed to the increased prevalence of overweight and obesity among low-income urban African American children and adolescents. Our results also propose a potential evaluation tool, the YFFQ, for implementing community-based nutritional intervention programs to improve dietary quality and reduce risk factors for overweight and obesity.
